Abstract-In the present work an algorithm is proposed for automatic guidance of bit in directional drilling process. In the manual mode control of bit's movement some problems arise due to operational and human inaccuracies which make the actual path differ from the desired one. In this article an automatic control system based on the bang-bang control strategy equipped with MWD (Measuring While Drilling) has been designed to lead the bit to the target. The bang-bang control strategy is one of the optimal nonlinear control methods. According to the kinematic constraints and system's input variables of the present problem this control strategy is suitable and simple to implement. In the first step the kinematic model of the drillstring movement has been derived. In the second step using Matlab-Simulink software, the system's kinematic equations besides some effects such as mechanical behavior of the well, dead zone between the formation and the bit, changing the geological formation during the drilling, time delay in sending and receiving mechanical and electrical signals, and environmental noises have been taken into account and are modeled. Directional drilling has been simulated with empirical parameter values of the well formation in Nargesi field. To study the control system abilities and limitations, results were obtained and studied. It is shown that the control system can generate an appropriate path when the result is compared with an actual drilling data. In the final part the concluding remarks are presented.
I. INTRODUCTION
Navigating the bit and tracking a desired path are the two reasons which led to the invention of MWD system [1] . In directional drilling technology, control of bit movement along the correct path is very important. MWD systems can survey bit movement and have several abilities in leading bit movement along the correct path with the intervention of a human operator. A group of experts (MWD and Directional Drilling, DD. Group) compared data location from MWD output with drilling plan and tried to decrease the differences in bit movement [2] . A human MWD system follows the diagram [3] . Amir Rouzgard is with the Islamic Azad University: Branch Ahvaz, Ahvaz, Iran, (corresponding author to provide phone: +989128157841; fax:+986314434558; e-mail: a.roozgard@gmail.com).
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A. Control System for Bit Movement
In the proposed control system for automatic leading the drillstring is depicted in Fig.2 . As it is shown the measuring signals form MWD system are conducted by the mud to the processing unit. In this unit the position and orientation of the bit is synthesized. According to the synthesized information the bang-bang type controller sends controlling command to the actuators to exert a 180 ± rotation to the drillstring for correcting the path. 
B. Position and direction synthesis
Among the five methods for following bit movement [4] the tangential method is chosen in this research. According to this method the system tries to keep slope of the actual path near to the correct slope. In the tip of the bit, there exists a constant bent that can be used to change the bit direction. Depending on the path designer's decision this bent can be adjusted between 0 -3 degrees. It is assumed that the bent angle cannot be changed during the drilling. The algorithm can be explained as follows:
A angle between drilling direction and X is denoted by ƒ. This line in each time is compared with slope of the bit's path ƒ. When slope of the bit's path is more than o S , the controller rotates the drill string 180 . Therefore in the next step the path deviation target line of sight become smaller. The smaller the deviation from line of sight the more accurate path generated. Fig. 3 shows two successive steps of the bit movement. Appendix A shows flowchart of guidance procedure for bit movement. 
C. Modeling of Tensional Behavior of the Drill String
To model of torsional compliance of the drillstring a second order linear transfer function is employed [5] . This model contains damping ratio and torsional natural frequency of the string. The natural frequency of drillstring depends on several factors such as: angle of well, mud viscosity and weight on the bit [6] and for our problem is considered to be equal to 6 (rad/sec) [7] . The transfer function is as follows:
D. Modelling of time delay due to wave propagation
Upon exerting a control command by the actuator on the top of the drillstring a rotational wave moves toward the bottom of the string [8] . Therefore the controlling command reaches to the tip after a delay time T. In the Matlab-Simulink this time delay is modeled with time delay block diagram. The following equation describes sinusoidal wave:
where L c is the longitudinal wave propagation speed and ε is the wave amplitude. The time delay for transferring wave from up to down of string can be calculated as follows:
E. Modelling of Dead Zone
There always exist a dead zone between the bit and the wall of the well. This has an undesired effect on drilling operation [9] . The dead zone can be modeled in Matlab-Simulink by the nonlinear dead zone block. Fig. 5 shows the dead zone between the two directions of X and Y when on the bit. 
G. Modelling of Gyro
The dynamic model of the gyros of the MWD system can be estimated by a second order transfer function in S-domain [5] , [11] :
H. Time Delay with Mud Pulse System
For considering the effect of time delay of mud pulse system in drillstring, first the travelling speed of mud pulse waves should be calculated. The stages of calculating the sound velocity in mud is existed in appendix D. Wave speed in the viscous incompressible fluids is derived from the following equation: IV. SIMULATION
I. Modeling of Disturbances and Noise in MWD System
In this section to evaluate the actual response of the control system, actual data of a well from Nargesi field in the south of Iran, has been chosen. The targeting point is located at a depth of 1150(m) and a distance of 1250(m) from the base. The length of drilling collared pipes is considered as step size the drillstring forward progress. The standard length of the drilling pipes are 7.8(m), 13.2(m) and 20.42(m). Also references [12] - [14] are used for extracting some information about layers of the ground. The values of parameters are listed in appendix B.
In all graphs the displacement in the horizontal direction is denoted by X and in the vertical direction by Y. Fig. 6 (a) , shows the obtained path using three different step sizes. A comparison between three Fig. 6 (a) to (c) reveals that larger the step size, more the curvature of the path and more deviation from target line of sight. Also for three step sizes the bit reaches to the target however the bit doesn't exactly meet the position of the target. Another simulation is performed to show the sensitivity of the generated path in the presence of the noise. The result is depicted in Fig.7 . In this figure the generated path in the presence of noise (bold curve) and in the absence of noise (thin curve) are shown and compared. The noise not only makes more fluctuations in the paths, it creates more targeting error. The step size is 20.42(m) for both cases.
V. CONCLUSIONS Fig. 8 compares well No.1 path of Nargesi field [15] which is generated by conventional manual drilling process (thin curve) and the simulated well path using the suggested automatic control (bold curve). It is seen that the simulated well can reach the target. It is concluded that by the presented method and using the geological information of formation not only before practical drilling a digital simulation on drilling process can be performed, a study on best length of drilling collar pipes, bent angle and other parameters of the drilling system can be done. 
